Introduction
Migraine is a neurological disease characterized by severe attacks of headache, which are generally unilateral in nature and are accompanied by hypersensitivity to environmental stimuli. 1, 2 Depending on the frequency of headaches, patients may experience either chronic migraine ($15 headache days per month, of which at least eight are migraine) or episodic migraine (,15 headache days per month). 3 The episodic form is more prevalent (11.0%) than the chronic form (0.5%). 4 With .10% of the world's 7 The goals of migraine treatment include pain relief and restoring function, reducing migraine attack frequency, preventing chronification, and management of existing comorbidities. Clinician and patient decision on treatments is based on the migraine headache frequency (episodic or chronic migraine), levels of impairment, previous treatment history, and patient preference. 2 Acute therapies (eg, triptans, analgesics, nonsteroidal anti-inflammatory drugs [NSAIDs] , ergots) aim to provide relief from migraine symptoms and render the patient free from pain and other symptoms as quickly as possible (ideally in ,2 hours), without recurrence and with minimal adverse events. 2, [8] [9] [10] [11] When acute treatments are not effective in controlling migraine symptoms, patients may choose to seek care in an emergency department setting. Emergency care utilization in patients with migraine is high, and in some countries, emergency care is reported by one out of every four patients annually. [12] [13] [14] Use of migraine preventive treatments has demonstrated a reduction in such undesirable health outcomes and in health care resource utilization (HCRU). 15 The role of preventive medications is to decrease overall clinical characteristics of migraine including frequency, intensity, and duration of attacks, to improve responsiveness to acute therapy, and to reduce migrainerelated disability. The current standard-of-care therapies for migraine prevention, all of which are oral, include antiepileptics, β-blockers, antidepressants, onabotulinumtoxinA, and calcium-channel blockers. 2, 16 In regard to patients' preferences for preventive treatment, the ideal scenario is access to medications that possess high efficacy, have fewer side effects, and with lower dosing frequency. 17 Studies show that the current migraine preventive options are underutilized 18 and are associated with high discontinuation rates due to tolerability issues and lack of efficacy. [19] [20] [21] [22] In the US, nearly 50% and 80% of people with migraine who are prescribed a preventive medication discontinue it 60-90 days after initiation and are no longer on therapy 12 months after initiation, respectively. 20, 23, 24 A large proportion of preventive medication users often have a history either of prior medication failures or of switching treatments. 17, 21 As a result, there is a high risk of patients not achieving meaningful reductions in headache with currently available preventives. This leads to many people with migraine relying solely on acute medications for managing the disease. 19, 21, 22 Overuse of acute medications has been shown to result in increases in migraine frequency, migraine chronification, and occurrence of medication overuse headaches. [25] [26] [27] Increases in frequency of migraine attacks and medication overuse headaches not only adversely impact patient functioning 15, 28 but also has been shown to result in an increased HCRU. 15, 29, 30 Galcanezumab, a humanized monoclonal antibody that binds to calcitonin gene-related peptide, belongs to a novel class of molecules specifically designed for migraine prevention, unlike currently available preventives. 31 In two phase 2 32, 33 and three phase 3 studies, [34] [35] [36] treatment with galcanezumab versus placebo led to significant reductions in the number of migraine headache days (MHDs) per month in people with episodic and chronic migraine. Another measure of successful migraine preventive treatment is the reduction of acute medication use for migraine. In phase 3 studies in patients with episodic and chronic migraine, treatment with galcanezumab led to significant reductions in number of MHDs with acute medication use per month. [34] [35] [36] Study CGAJ was a 12-month, open-label study, part of the phase 3 development program for migraine prevention. People with episodic or chronic migraine were included in the study and were assigned to one of two treatment arms, galcanezumab 120 mg (with a loading dose of 240 mg) or 240 mg. 37 Study CGAJ was designed to have fewer clinical research site visits, and patients were allowed to selfadminister galcanezumab monthly while collecting outcome measures such as the Patient Satisfaction with Medication Questionnaire-Modified (PSMQ-M) questionnaire, HCRU, and acute medication use for migraine or headache. The objectives addressed in this research include the evaluation of changes during the 12-month treatment period compared with baseline, with respect to patient satisfaction with treatment, migraine-specific HCRU, and patterns of acute medication use for headache.
Methods

study design
Study CGAJ (NCT02614287) was a 12-month, open-label study in patients with episodic or chronic migraine (Figure 1 ). This study was part of the phase 3 program of galcanezumab to assess long-term safety and provide longer term exposure data. Prior to the first study visit, patients were to have had a history of four or more MHDs per month on average for the past 3 months. Diagnosis of migraine was as defined by the International Headache Society (IHS) International Classification of Headache Disorders (ICHD)-3 beta version. 38 Patients were excluded from the study if they had a history of headache other than migraine, tension-type 
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Patient satisfaction, hcrU, and acute medication use with galcanezumab headache, or medication overuse headache, as defined by IHS ICHD-3 beta within 3 months prior to randomization. Patients were also excluded if they were undergoing current treatment with preventive migraine medication.
Patients who met all criteria for enrollment were randomized 1:1 at Visit 2 to receive subcutaneous injections of either galcanezumab 120 mg or galcanezumab 240 mg. Assignment of patients to treatment groups was determined by a computer-generated random sequence using an interactive web-response system. To achieve between-group balance for site factor, the randomization was stratified by site. Individuals were allowed to self-administer galcanezumab starting at the second dosing visit; therefore, the study consisted of a mix of office visits and telephone visits. Patients assigned to galcanezumab 120 mg dose group received a loading dose of galcanezumab 240 mg at the first injection only (Figure 1 
Patient satisfaction with medication
The study used a self-rated five-point scale, called the PSMQ-M to measure satisfaction levels of patients. The scale was modified for use in this study and assessed the following three items related to galcanezumab over the previous 4 weeks: satisfaction, preference, and side effects. 39 Satisfaction responses ranged from "very unsatisfied" to "very satisfied" with the current treatment. Preference compared the current study medication with previous medications, with responses that ranged from "much rather prefer my previous medication" to "much rather prefer the medication administered to me during the study." Responses to question on side effects with current study medication versus previous medications for migraine prevention ranged from "significantly less side-effects" to "significantly more side-effects." The responses to the questionnaire were solicited at Visits 4, 9, 15, and at early termination, if any ( Figure 1 ).
health care resource utilization
Study personnel solicited migraine-specific HCRU information at each monthly visit during treatment period and at months 14 and 16 during post-treatment period ( Figure 1 ). The survey questions addressed outpatient health care professional 
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Ford et al visits, emergency room visits, and hospital admissions that occurred since the person's last study visit. Duration of hospital stays was also captured; however, it is not reported due to the small number of admission events. Clinical site personnel and patients were instructed to capture utilization that was outside of visits associated with their participation in the clinical trial. The baseline visit included the same questions; however, the period of reference was the last 6 months (Supplementary materials, Health care resource utilization questions).
Acute medication use
Acute medication use for migraine or headache for the past month was collected at each office/phone visit (Visit 2 onwards) by direct questioning by the study investigator or designated site personnel. Information was collected for the following open-ended question: "How many days did the subject take any pain medication for migraine or headache in the past 30 days?"
statistical analyses
Analyses to assess acute medication use and migraine-specific HCRU were conducted on the intent-to-treat (ITT) population, which included data from all randomized people who received at least one dose of study drug. Change from baseline in number of MHDs per month as well as acute medication use for migraine or headache was analyzed using a mixed model with repeated measures analysis using all the longitudinal observations at each postbaseline visit. For each PSMQ-M item, the number and percentage of patients for each response were summarized by visit. For HCRU, summary statistics including number of persons with at least one event and HCRU events per 100 patientyears were calculated. Data from Visits 4 to 9 (Months 1 to 6) and from Visits 10 to 15 (Months 7 to 12) were added to provide a single number for the two 6-month periods. The number of events per 100 person-years for baseline and treatment periods was also calculated; only months when persons were enrolled in the study contributed to this analysis. Statistical comparisons of changes from baseline in HCRU per 100 patient-years were performed based on individual exposure-adjusted HCRU using a Wilcoxon signed-rank test (for within-treatment group comparisons) or a KruskalWallis test (for between-treatment group comparisons).
Results
Patient disposition and demographics
A total of 270 patients received at least one dose of galcanezumab 120 mg or galcanezumab 240 mg in a randomized fashion and were included as part of the analysis. The population was predominantly female (82.6%) and white (78.2%). Approximately 79% patients had a diagnosis of episodic migraine. The mean age was 42.0 years. Individuals in the galcanezumab 240 mg dose group were significantly older compared with the galcanezumab 120 mg dose group (mean age: 43.7 versus 40.2 years, respectively). Furthermore, at baseline, patients in the 240 mg dose group had significantly greater number of MHDs compared with the 120 mg dose group (11.4 versus 9.7 days per month). Otherwise, characteristics of age, sex, race, and body mass index were balanced across the dose groups. Patients had been diagnosed with migraine for an average of 20.7 years and had approximately 4.5 comorbid conditions ( Table 1 ). The most common ($10%) preexisting conditions (non-migraine) were depression, seasonal allergy, drug hypersensitivity, back pain, insomnia, anxiety, and gastroesophageal reflux disease. No patient reported acute medication overuse headache as a preexisting condition. A majority of individuals reported prior preventive treatment use (62.6%), with 21.1% of individuals having failed two or more preventives in the previous 5 years. The Migraine Disability Assessment (MIDAS) total score and MigraineSpecific Quality of Life Questionnaire (MSQ) Role FunctionRestrictive scores (RF-R) in the study were 49.9 and 47.5, respectively, which indicated very severe disability ( At each of the three visits at months 1, 6, and 12 when assessments were made, at least 69% of patients responded positively on preference over prior treatments, overall study medication satisfaction, and less impact from side effects. Among patients who completed the 12-month treatment period, percentage of patients with a positive response increased over time from month 1 to month 12. Overall satisfaction with study medication increased from 70.1% to 74.8%, preference for the study treatment versus previous medications increased from 73.5% to 84.7%, and positive responses for side effects with galcanezumab compared with prior treatments increased from 71.2% to 81.2%. Furthermore, the percentage of patients reporting the higher level of positive responses (very satisfied with study medication, much prefer study medication, and much less side effects) increased from month 1 through month 6 and month 12 ( Table 2 ). There were no meaningful differences between the two galcanezumab dose groups in percentage of patients with positive responses to the questionnaire (Supplementary materials, Table S1 ).
reductions in health care resource utilization
In both the galcanezumab 120 mg and 240 mg dose groups, when compared with baseline, the percentage of patients with at least one migraine-related HCRU event was less during the treatment periods of Months 1 to 6 and Months 7 to 12. For health care professional visits, emergency room visits, and hospital admissions, percentages declined from 34.7%, 7.0%, and 1.5% (baseline) to 9.4%, 1.5%, and 0% (Months 1 to 6) and 8.2%, 1.7%, and 0.4% (Months 7 to 12), respectively ( Figure 3A) . When considering migrainespecific HCRU as rates per 100 person-years, health care professional visits declined from 173.4 to 59.6 visits, emergency room visits declined from 20.2 to 4.7, and hospital admissions declined from 3.7 to 0.4. In the analysis of HCRU as per 100 patient-years, there were statistically significant reductions (p,0.0001) in health care professional visits in galcanezumab 120 mg and 240 mg dose groups and in emergency visits in the galcanezumab 240 mg dose group (p,0.01). Reductions in emergency visits approached statistical significance in the galcanezumab 120 mg dose group (p=0.051) ( Figure 3B ). Overall, in both the analyses, there were no meaningful differences between the two galcanezumab doses in the level of reductions in any of the HCRU measures.
reductions in acute medication use
At baseline, the mean (SD) number of days per month with acute medication use for migraine or headache was 9.84 (6.58) in galcanezumab 120 mg and 10.87 (7.16) in 240 mg 
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Patient satisfaction, hcrU, and acute medication use with galcanezumab dose groups, and 10.36 (6.89) overall. In both galcanezumab 120 mg and 240 mg dose groups, significant within-group reductions (p,0.001) from baseline in mean number of monthly MHDs with acute medication use were observed as early from month 1 which continued through month 12 ( Figure 4) . At month 1, mean reductions from baseline were 4.8 days and 4.0 days with galcanezumab 120 mg and 240 mg, respectively. There was a trend of increasingly higher reductions from baseline as the study progressed; at month 12, mean reductions from baseline were 5.3 days and 5.1 days with galcanezumab 120 mg and 240 mg, respectively. The overall mean reduction in number of monthly MHDs with acute medication use in the study was ~5.1 days (p,0.001) with both the galcanezumab doses (Figure 4 ). There were no meaningful differences between galcanezumab doses in mean reductions from baseline for both overall and monthly data.
Discussion
Galcanezumab belongs to a novel class of molecules specifically designed for migraine prevention. 31 Therefore, it is important to evaluate the level of patient satisfaction and treatment preference with galcanezumab compared with prior treatments for migraine prevention. It is also important to assess the impact of this class of molecules on HCRU and acute medication use. Study CGAJ was a randomized, open-label, 12-month study where people with episodic or chronic migraine received galcanezumab 120 mg or 240 mg monthly. 37 There were statistically significant and meaningful within-group reductions from baseline in mean number of MHDs/month at each month in the overall population, as well as in patients with chronic and episodic migraine. Treatment with galcanezumab led to high levels of satisfaction with current treatment and high levels of preference and less side effects versus previous treatments at Months 1, 6 , and 12 in this study. There were meaningful reductions in migrainespecific HCRU (per 100 patient-years) from baseline during treatment period with galcanezumab for health care professional visits (173.4 to 59.6), emergency room visits (20.2 to 4.7), and hospital admissions (3.7 to 0.4). There were also significant and meaningful decreases in acute headache medication use from baseline at each monthly visit during the 12-month treatment period (overall change from baseline: -5.1 days). There were no meaningful differences between galcanezumab doses for any of the above outcomes. The findings from this open-label, long-term study where patients were allowed to self-administer are reflective of clinical practice. The findings are important given the underutilization and high discontinuation rates associated with current standard of care for migraine prevention, namely oral daily medications. 18, 21 Research has demonstrated that the current standard of care for migraine prevention has the potential to reduce the burden of migraine, including HCRU. 40 However, patients treated with the current standard of care are at risk of not experiencing meaningful reductions in migraine attack frequency or other outcomes due to difficulty tolerating their medication, resulting in substantial levels of early discontinuations. 21 Patients with migraine rate efficacy as the most highly preferred attribute of a preventive; however, treatment goals are left unmet when a medication needs to be discontinued due to tolerability issues. 41 A systematic review of randomized clinical trials and observational research studies reported high rates of discontinuation, low adherence, and low persistence with common migraine preventive medications. Discontinuation rates in clinical studies range from 23% to 45% for commonly used migraine preventives over a 4-to 6-month period (propranolol: 23%, topiramate: 43%, and amitriptyline: 45%). 42 Observational studies suggest that commonly prescribed migraine preventives are associated with 7% to 55% persistence rates and 35% to 56% adherence rates over a period of 12 months. 42 Compliance with oral standard of care measured by mean medication possession ratio is low with majority of patients filling only two or less prescriptions for their initial treatment. 22 The authors note that this trend is concerning given the accepted view that preventive medications should be used for 2 to 3 months 
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Ford et al Figure 3 Migraine-specific HCRU as count of persons with at least one visit (%) (A), and as per 100 patient-years (B) during baseline period and treatment period.
Notes:
^p ,0.0001, *p,0.01 for within-group differences from baseline. More statistical comparisons were not performed for the analysis in (A) and for the gMB all group in (B). Abbreviations: er, emergency room; gMB, galcanezumab; hcP, health care professional.
to ascertain effectiveness and relatively few patients may remain adherent over this timescale. 22 It is important that future pharmaceutical interventions for migraine prevention address patient preferences, including desired levels of efficacy with fewer side effects and a low frequency of dosing schedule. 41 The research reported here for galcanezumab addressed discontinuation rates related to adverse events and a lack of efficacy. Discontinuation rates 
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Patient satisfaction, hcrU, and acute medication use with galcanezumab were low over 12 months (,15%), and compliance with monthly subcutaneous injections among patients who completed the study was high (.95%). In addition, at month 12, patient self-reports of treatment satisfaction levels were 75%. Furthermore, 85% and 82% of patients reported preference for and less side effects with galcanezumab versus their previous treatments.
When patients with migraine who are in need of a preventive discontinue treatment, they rely solely on acute treatments. This can lead to unnecessary HCRU and medication overuse, which puts these patients at risk of disease progression. [12] [13] [14] [15] Research has indicated that following the initiation of migraine preventive treatment, reductions in mean annualized rates of acute treatments such as triptans range from 18.6% to 38.5%. 43 In Study CGAJ, number of days with acute medication use for migraine or headache was reduced by more than 50% from baseline. When considering HCRU, research using the US claims database indicates that inpatient stays are uncommon for migraine. However, inpatient stays are higher before initiation of a new preventive versus after initiation in patients with previous experience of a preventive (2.4% vs 1.1%) and in patients with no experience (3.0% vs 0.4%). 44 The prevalence of migraine-related emergency room visits was also higher during the preindex vs postindex period for patients with preventive therapy experience (14.4% vs 9.9%) and patients without (11.7% vs 7.1%). 44 In Study CGAJ, both inpatient admissions and emergency department utilization specific to migraine decreased after initiation of galcanezumab from baseline: from 1.5% to 0.0% (Months 7 to 12) and from 7% to 1.7% (Months 7 to 12). Galcanezumab was designed for migraine prevention, and results from this study suggest that treatment with galcanezumab leads to approximately 50% reductions in acute medication use and preliminary evidence of reductions in HCRU.
This was an open-label clinical trial and was not designed to assess the magnitude of improvement versus a comparator, and therefore, causality cannot be inferred from results. Other confounding variables may have contributed to the study findings. The small sample size may have led to wider confidence intervals for estimated within-group improvements. Furthermore, the trial was conducted in a limited number of countries and so, the results may not be generalizable to patients and use within health care systems of various countries. This study was designed to specifically address safety objectives and was not powered to specifically address changes in HCRU. Strengths include that clinical site visits in the study were less frequent and patients were allowed to administer the drug independently in the home setting on a monthly basis. Patient satisfaction with treatment was self-reported on a measure that only assessed three attributes of treatment: satisfaction, preference, and side effects. HCRU was captured on a monthly basis, however, at baseline, patients had to recall utilization for the past 6 months. HCRU that is collected with a 6-month recall is more likely to be underreported or accurately reported than overreported (75% vs 25%). 45 Research using a 6-month recall found that self-reported physician visits tend to be underreported particularly among patients with chronic conditions and higher utilization. 46 Both emergency room visits and hospitalizations have low discrepancy with a 6-month recall, with slight overestimation among patients with higher utilization; however, self-report may provide greater accuracy compared with the utilization captured in a 
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Ford et al health maintenance organization database system due to associated out-of-network events, which are more likely to occur in the subgroup with higher utilization. 46 Specific acute medication use was not captured in a daily log but rather recorded on an as-needed basis in the concomitant medication form; therefore, acute medications taken on a daily basis cannot be further broken out by class and this is a limitation.
In conclusion, this open-label 12-month study provides insight into patient preferences, compliance with treatment, acute medication use, and HCRU reductions for galcanezumab in patients with migraine. More research is needed, particularly in typical clinical practice settings across various geographies; however, the limited site-visit design with self-injections at home indicates the potential for low discontinuation and high compliance with positive outcomes. The observed reductions in acute medication use are likely to lead to decreases in the risk of medication overuse and disease progression in patients with migraine, while also reducing the burden related to health care utilization. Unlike the currently available standard of care, which has high discontinuation rates that limit clinicians' and patients' abilities to achieve desired treatment goals, galcanezumab is a pharmaceutical intervention designed specifically for the treatment of migraine. Overall, in this study, patient satisfaction and preference measures were high for galcanezumab, and side effects were identified as being lower versus previously used preventives. The efficacy, dosing regimen, and safety/tolerability profile of galcanezumab have the potential to improve health outcomes among patients with migraine who are in need of a preventive treatment.
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